Mechanistic target of rapamycin complex 1 (mTORC1) negatively regulates autophagy at early stages by phosphorylating Unc51-like kinase 1 (ULK1). Our recent study expanded the roles of mTORC1 in autophagy by identifying ultraviolet radiation resistance-associated gene product (UVRAG) as a substrate of mTORC1. This finding has provided new insight into the roles of mTORC1 in cellular membrane processes and cancer.
There has been increasing interest in autophagy as an anticancer target, mainly because of its important role in cancer cell survival under conditions of metabolic stress, hypoxia, or anticancer treatment. One of the lessons from previous studies is that autophagy might function differently in cancer cells compared to normal cells. Understanding the differential regulation of autophagy in cancer cells might be central to the development of better strategies for cancer prevention or treatment. A key link between autophagy and cancer is through mechanistic target of rapamycin complex 1 (mTORC1), which mediates signaling of growth factor and nutrient availability to the autophagy machinery. mTORC1 regulates the balance between protein synthesis (anabolic process) and autophagy (catabolic process) in response to cellular metabolic status and environmental stress. Hyperactivation of mTORC1 is frequently found in many cancers, and mTORC1 inhibitors have shown promising outcomes in clinical trials for some types of cancer. The extent to which autophagy contributes to the anticancer effects of mTORC1 inhibitors remains unclear. This question might be key for better understanding of the roles of autophagy in cancer, given the important role of mTORC1 in cancer as well as its role in coordinating cell growth and autophagy.
mTORC1 negatively regulates autophagosome formation at early stages of autophagy by phosphorylating ULK1 and other early autophagy proteins. [1] [2] [3] [4] Our recent study revealed that mTORC1 also phosphorylates UV radiation resistanceassociated gene product (UVRAG) and suppresses autophagosome maturation at late stages of autophagy ( Fig. 1 ).
5
UVRAG localizes in the endoplasmic reticulum (ER) and endosomes. [6] [7] [8] UVRAG has a tumor suppressor function, and the UVRAG gene locus is frequently altered in breast, colorectal, and gastric cancers.
9,10 One of the major functions of UVRAG is to regulate autophagosome maturation by binding to the homotypic fusion and vacuole protein sorting (HOPS) complex, 7 a key component of the late endosome and lysosome fusion machinery. Another function of UVRAG is to stimulate the activity of vacuolar protein sorting 34 kDa (Vps34, also known as phosphatidylinositol 3-kinase class III), a critical component for autophagy. Our study showed that phosphorylation of UVRAG by mTORC1 facilitates its binding to RUN domain Beclin 1-interacting and cysteine-rich containing protein (RUBICON) under nutrient-enriched conditions. The phosphorylation-dependent binding of UVRAG to RUBICON has a dual effect on UVRAG functions: first, the enhanced binding of RUBICON suppresses the ability of UVRAG to stimulate the kinase activity of Vps34; and second, RUBICON binding interferes with the interaction between UVRAG and the HOPS complex, thereby inhibiting the lysosomal fusion machinery. This mTORC1-mediated regulation of UVRAG on the lysosomal fusion machinery is supported by the cellular localization of mTORC1 to late endosomes and lysosomes, where it is activated by amino acid-responsive signaling.
Another aspect that is newly addressed by our study is the function of mTORC1 beyond its role in autophagy. Our study showed that mTORC1-mediated phosphorylation of UVRAG negatively regulates the lysosomal degradation of epidermal growth factor receptor (EGFR) by suppressing endosomal maturation. This finding, together with the lysosomal localization of mTORC1, indicates a broader range of mTORC1 functions at the membrane compartments harboring autophagosomes, late endosomes, and lysosomes. Although regulation of protein synthesis by mTORC1 might be its major contribution to cancer, it is possible that regulation of autophagy and/or endosomal maturation also plays an important role. This possibility was supported by our study using a xenograft approach, in which we showed that a dephosphorylation-mimicking mutation of the mTORC1 target site of UVRAG suppressed tumor growth. 5 However, it remains unclear whether the effect of mTORC1 on cancer cell proliferation and tumor growth is due to autophagy or endosomal maturation.
The finding that mTORC1 regulates the late stage of autophagy gives rise to the question of why mTORC1 suppresses multiple steps instead of a key early step that governs downstream processes. A consequence of suppression at the stage of autophagosome maturation is prevention of recycling of autophagy components. However, inhibition of an early key component could lead to suppression of multiple downstream processes, including the recycling process. It is possible that the multi-step regulation of autophagy by mTORC1 allows for fine-tuning of different types of autophagy in response to various signals. Another possible interpretation is that mTORC1-mediated suppression of autophagosome maturation might be secondary to inhibition of endosomal maturation or the lysosomal fusion machinery. Since inhibition of the early steps of autophagy by mTORC1 could be effective enough to suppress the whole process of autophagy, inhibition of the lysosomal fusion machinery by mTORC1 might have a less significant effect on autophagy compared to its effect on endosomal maturation.
The role of the mTORC1-UVRAG pathway in regulation of lysosomal membrane processes might be important for many cancers, as supported by our study, thus adding to the multiple facets of mTORC1 in cancer. Whether cancer cells gain an advantage for growth or survival through suppression of autophagy is unclear, but might be possible considering the deletion of autophagy genes in many cancers. Our study suggests that the mTORC1-UVRAG pathway could be a potential target for an anticancer strategy. Before this possibility is tested, it would be necessary to clarify how significantly each of the membrane processes (autophagy and endosomal maturation) contributes to the effects of mTORC1 on cell proliferation and tumor growth. Further studies of mTORC1-regulated autophagic membrane dynamics might provide new insights into better strategies for cancer prevention and treatment.
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